Introduction
Bus Rapid Transit (BRT) systems have been adopted in many cities worldwide due to their unique characteristics of mass transit for promoting sustainable mobility and as a key strategy for resolving traffic related problems, mainly congestion [1] . BRT aims to reduce automobile usage and thus make cities less liable to environmental damage, for example by reducing vehicle emissions [2] .
The city of Ahmedabad, the seventh largest city in India and the largest in the state of Gujarat, is experiencing rapid economic growth and urbanization and is emerging to be one of the main urban centers of India. It is a compact city with a mixed pattern of land use across its 490 square km area. It has a population of more than 5.6 million and is expected to grow up to 11 million by 2035 [3, 4] .
To fulfill the transport demand of this large population, a substantial number of motorized vehicles are in use. The city has registered 1.4 million vehicles, a number which is growing at a rate of 8-10% (0.1 million) per year. This rapid growth in motorized vehicles, where two-wheelers (motor scooters) account for 73% of the total share, four-wheelers (cars) and three-wheelers account for around 12.5% such as local economic condition, population and employment growth, and so on [14] . According to the Transit Cooperative Reseach Program (2007), external factors of transit system have a potentially greater effect on ridership than its internal factors [15] . For instance, population density or local economic growth of the region has more influence on transit ridership than any internal service characteristics of transit like comfort, speed, and so on. The external factors from the transit ridership framework adopted from Mineta Transportation Institute (2002) can be synonymously used with the location and neighborhood attributes: population density, employment density, total urban density, street connectivity index, and distance to the nearest BRT stop-given by Cervero, Murakami, & Miller (2010) [14, 16] .
The conventional four-step transportation model which was developed in the 1950s later included the built-form indicator in the modeling process to analyze the relationship between travel behavior and built form [17] . At first, Stopher (1992) and Peng, Dueker, Strathman, & Hopper (1997) modeled transit demand and supply where they considered some neighborhood variables such as land-use mix, population and employment density [18, 19] . They found that ridership depends partly on land-use mix and density. In this paper, we are working with built-form indicators, as originally developed by Cervero & Kockelman (1997) , the so-called "3 D's"-density, diversity, and design [20] . Later, these were extended with two new indicators: 'distance to transit stop' and 'destination accessibility' [21] . These five indicators make up the commonly used "5D's" and each of them will be described in brief in the next section.
The objective of this paper is, therefore, to assess ridership performance of Janmarg BRTS based on built-form indicators, focusing on the relation between urban built-form characteristics and ridership. The paper is structured as follows: the next section will discuss commonly used built-form indicators and methods to measure them. Next, the literature on transit ridership and the relation with built form will be reviewed. The study area will be described, followed by the description of the data and methods. Results are then analyzed and conclusions are drawn.
5D Built-Form Indicators

Density
Density usually refers to the number of people or jobs per unit of area [22, 23] . The effects of density on travel demand have long been recognized and remain used in travel behavior study. Higher densities are related with higher transit use, less automobile use, and an emphasis on walking and cycling, the reason being that public transit can be efficiently operated in high density areas and offers advantages over car travel [20, [24] [25] [26] . Another reason for the positive and significant relationship between population density and transit ridership at the station level is that residents living close to the station are more likely to be travelling by transit [27] . Parsons Brinckerhoff Quade & Douglas Inc. (1996) has also found that ridership increases exponentially with the increase of employment along the transit corridors [28] . Munshi (2013) has also observed that the concentration of growth along the corridors tends to increase transit ridership by reducing the travel distance for commuters from their origin to the transit stop. A short distance usually encourages commuters to walk or use non-motorized modes to access to the stop [29] .
Popular measures of density are population density, household density, residential density, job density, and commercial and service density [29] . Since workers are the everyday users of transit systems, employment density is considered as a most prominent indicator for transit ridership, particularly as often the majority of transit movements happen in the peak hours.
Density is usually measured per unit of area. We use the following measures: Residential density,
Employment density,
where, P and J refer to the total number of people and jobs respectively and A refers to an area measured in acre.
Diversity
Gao, Mokhtarian, & Johnston (2008) have demonstrated that people in residential areas with higher job accessibility are more likely to own fewer automobiles and show increased use of transit which is also consistent with the study output by Kitamura et al. (1997) [24, 30] . In general, a higher mixing of compatible land uses increases the opportunities for commuters to access different associated functions within a short distance. More commercial and retail outlets around transit stations would encourage people not to use private automobiles and help people to shop for their daily necessities on their way back home from work [4] . Moreover, a proper mix of land use also helps to generate new transit demand [31] . On the other hand, homogeneous land use induces sprawl growth which enhances automobile ownership among the residents and simultaneously reduces transit use.
Land-use diversity measures the degree of proximity among different land uses e.g., residential, commercial, industrial, institutional and recreational. According to Boarnet (2011) , the entropy index is the most commonly-used index for land-use diversity [32] . It computes the heterogeneity of land within a given area of interest. The original formula was developed by Frank & Pivo (1994) which was later simplified [33] . The computation is quite simple for entropy as it takes vector data as input. The resulting value of the entropy index is between 0 and 1, where 0 represents the total homogeneity of land and 1 represents the total heterogeneity. The mathematical expression of entropy index is as follows.
where P j = Proportion of land-use category j within a specified buffer zone (service area); J = number of land-use categories.
However, the measure of entropy index is limited within a neighborhood area, typically having a buffer zone ranging from a quarter to a half mile [20] . So it may not be suitable for a neighborhood with more than a half-mile radius. Recognizing the limitation of the entropy index, Cervero & Kockelman (1997) developed a new diversity index which is not influenced by the size of the neighborhood and is a relatively better measure for diversity [20] . It calculates the land-use diversity using the 8-cell neighborhood rule where the corresponding interaction of land uses with one another are considered. Similar to the entropy index, the value of the dissimilarity index ranges from 0 to 1. The only difference is that it works on a raster data format. According to Cervero & Kockelman (1997) , the dissimilarity index provides more accurate information of land-use mixture than entropy because the entropy index is unable to identify the sprawling pattern of land [20] .
where, K = number of actively developed grid-cells measured in an acre, and X l = l if the land-use category of neighboring (immediate contact) grid-cell differs from grid-cell j measured in an acre (0 otherwise).
Design
In the 5D concept, the design is specified to only road connectivity. Road connectivity denotes the degree of a road which is connected towards destinations. A poorly-connected road network with many cul-de-sacs, i.e., dead-end roads, diminishes accessibility to destinations and increases commuting distance. On the other hand, increased connectivity reduces the travel distance which enhances the walking environment [34] .
Connectivity can be measured using various indices, which are street density, intersection density, the proportion of four-way intersections, and proportion of dead-end streets [35, 36] . Ewing & Cervero (2010) have an emphasis on the measure of street connectivity index and intersection density [37] . There are also some popular measures for road connectivity like Beta index and Gamma index as extracted from the graph theory by Rodrigue, Comtois, & Slack (2006) [38] . The beta index is similar in operation with the street connectivity index as proposed by Ewing & Cervero (2010) [37] .
where e and v refer to the edges (link) and vertex (node) respectively.
On the other hand, intersection density is determined using the road network taking into account the true intersection having three or more links [16] .
where, TI = number of true intersections having three or more links, and A = land area in an acre.
Destination Accessibility
In the 5D concept, accessibility is measured in terms of destination accessibility. Destination accessibility is usually measured in terms of the number of jobs accessible within a given distance or time threshold. An area in a city from where a maximum number of jobs are accessible, such as the city center, will have locational advantages to reside in. Higher job accessibility from an area will definitely have an impact on transit use of that area.
We applied a gravity-based measure which included all possible destinations considering a distance decay function which is analogous to Newton's law of gravitation: "the weight of each opportunity is inversely proportional to the square of the travel time or travel distance required to reach that opportunity" [39] . Most researchers suggest that "a negative exponential weighting function is a more accurate representation" which is more substantial to present the outcome [39] . The equation chosen for the gravity based measure is as follows:
where, jobs j = Number of jobs in zone j, time = network travel time, i = residential zone, and j = employment zone and v = gamma coefficient of variable 'time' [40] .
Distance to Transit Stop
"Distance to transit stop is usually measured as an average of the shortest route from the residences to the nearest stop in an area" [37] . Alternatively, it is defined as the access and egress distance an individual has to travel to and from a transit stop. The longer the distance an individual has to travel to or from a transit stop, the lower the chance of using a specific service [29] . The most used measure is the distance between transit stops or the number of stations per unit of the area [37] .
Prior Studies on Ridership
Numerous studies have been performed on ridership but very few considered built-form indicators as explanatory variables. Two reasons can be identified behind this: firstly, it is a somewhat Urban Sci. 2018, 2, 95 6 of 18 new idea, which was first published in 2001 [21] . Secondly, most of the studies have compared the ridership performance based on service and station characteristics among BRT systems across different cities or countries where the use of built-form indicators may not be significant enough in that scale [41, 42] . Few studies have included some of the built form indicators that are found to be significant with ridership. Those studies are outlined as follows in Table 1 . A BRT study in Bogota developed a ridership model with an overall statistical fit of R 2 = 0.45 in which road connectivity does not show significance. However, existing density and diversity work as a barrier to car uses which are consistent with station boarding at the 5% level [43] . This study is also complying with a BRT study in seven Latin American cities where a high mixture of land uses including institutional uses and public facilities are positively associated with ridership [47] . Similarly, in Light Rail Transit (LRT) study in the USA, a ridership model with a good R 2 value of 0.727 indicates that a total number of employment and population within walking distance from station area are positively associated with boarding at the 5% level [44] . BRT ridership study in Los Angeles also shows a high statistical fit of 0.952 where population density and the combination of both population density and employment density (total urban density) within 1 2 mile of a bus stop are positively influencing ridership [16] . Moreover, direct ridership model of eight rail rapid transit systems in Canada fits with a value of 0.8097 where population density, employment density (commercial site density), land-use mixtures including commercial ratio, government-institutional ratio and residential ratio are having a significant positive relationship with ridership [45] .
Study Area Profile
Ahmedabad is one of the blooming cities and an important industrial center in India. It contributes to 17% of the state (Gujarat) income [48] . In addition, "Ahmedabad is the home of several scientific and educational institutions with regional, national and global importance. The western part of the city has developed as a mainly high-income residential area, and major institutional area whereas the eastern part has the major industrial estates. For this reason, the traffic flow is very heavy from west to east in the morning and vice-versa in the evening which causes serious traffic congestion in the morning and evening peak periods" [49] . Consequently, the air pollution has become severe [49] .
The city transportation system is largely dependent on roadway systems. The city road network is composed of five ring roads and 17 radial roads. "Ahmedabad is well connected by an expressway, several national and state highways, the broad gauge and meter gauge railways" [12] . As mentioned Urban Sci. 2018, 2, 95 7 of 18 earlier, Janmarg BRTS was developed in two phases. The first phase of the project covered 58.3 km whereas, in phase 2, attempts were made to complement phase 1 (30.5 km) by making more areas accessible. The outlying suburbs which were developing rapidly were also connected by BRTS network.
Overall, twelve BRT trunk routes have been identified, which were structured in an integrated way to operate the transit services. Figure 1 shows the major BRT trunk routes along with their stations.
Overall, twelve BRT trunk routes have been identified, which were structured in an integrated way to operate the transit services. Figure 1 shows the major BRT trunk routes along with their stations. 
Data and Methods
The data used for this study are a combination of built form data in GIS format, which has been mostly derived from secondary sources from 2008-2013 and boarding data (ridership) of each station was extracted from July 2015. July was taken as a representative month, as the available nine months (From January 2015 to September 2015) boarding data had similar characteristics. As the main area of interest in Ahmedabad is already a built-up city, over these years the 5D built-form indicators have not been changing so much. If changed, it is assumed that the growth followed the same rate over time. The used data is summarized in Table 2 . To determine the population density for each station catchment (Khanna, 2009) [49] Job (block) Square block (polygon) To measure the job density for each station catchment (Munshi, 2013) [29] roads polyline To create the station catchment following the network distance and to determine the road connectivity (Munshi, 2013) [29] Land use polygon Provides information regarding different land uses which will be used for diversity measure (Bajracharya, 2008 
The data used for this study are a combination of built form data in GIS format, which has been mostly derived from secondary sources from 2008-2013 and boarding data (ridership) of each station was extracted from July 2015. July was taken as a representative month, as the available nine months (From January 2015 to September 2015) boarding data had similar characteristics as seen from the Supplementary Material 'Passenger OD Jan to Sept 2015.xlsx'. As the main area of interest in Ahmedabad is already a built-up city, over these years the 5D built-form indicators have not been changing so much. If changed, it is assumed that the growth followed the same rate over time. The used data is summarized in Table 2 . For detailed information about the data, see the Supplementary Material. Different built-form indicators have already been discussed along with their corresponding measures. Some relevant literatures on ridership have also been reviewed. Now it intends to operationalize those concepts in this BRTS ridership study. Prior to that, the unit of analysis for this study needs to be selected. To determine the population density for each station catchment (Khanna, 2009) [49] Job (block) Square block (polygon)
To measure the job density for each station catchment (Munshi, 2013) [29] roads polyline
To create the station catchment following the network distance and to determine the road connectivity (Munshi, 2013) [29] Land use polygon
Provides information regarding different land uses which will be used for diversity measure (Bajracharya, 2008) This data will be used as a dependent variable in the regression analysis
Ahmedabad Janmarg Limited, 2015 1 Transport Analysis Zone, the zoning system defining units of analysis used for travel household surveys.
Analysis Unit
The station is considered to be the unit of analysis for this study. A station level analysis is more appropriate than a route or route segment analysis, as ridership is measured at stations and not at routes. However, it requires more detailed data at the station level [19, 43] .
The service area around each transit station needs to be identified. The service area (catchment area) around a transit station is generally defined "as the area from which potential riders are drawn". To determine the service area, most researchers depend on the willingness of people to walk or travel to and from a stop. Some researchers have empirically evaluated the walking distance to transit stops based on the data derived from user surveys [51] [52] [53] [54] . They have concluded that a one-quarter mile service area from the transit stop would not capture all potential users while a larger service area will be an overestimation of the number of potential users if distance decay function is not explicitly considered. Moreover, estimation of a larger service area will often get a biased result because increasing travel distance to stop tends to shift the commuters to motorized mode [55] .
Regarding this study, a 10 min walking distance for both access and egress was chosen which was derived from the BRTS user survey, which was conducted in 2015. It was found that almost 65% of the potential BRTS users access to and from a station within 10 min by walking. This 10 min walking distance buffer will, therefore, be drawn along the road network to identify the catchment area for each BRTS station (151 stations). No distance decay function will be applied here assuming that this distance is willingly travelled by the commuters.
The buffer size was calculated following the existing road networks for a distance of 666 m which corresponds to a 10 min walk, assuming a walking speed of 4 km/h [56] . The buffer area was created along the existing network distance using the 'not overlapping' option, which means that discrete polygons are created for areas in which all locations are closer to the corresponding station than to any other station, as seen in Figure 2 . Figure 2 . 
Operationalization of the Built-Form Indicators
Indicators selected in this study are quantitative in nature, and thus each of them has a numeric value. Here, suitable measures from each built form indicator will be identified in terms of data availability and applicability. Each of the 5D measures will be calculated for each station by overlaying the 10 min walking distance buffer except for the destination accessibility measure, which needs further computation. Available measures are grouped on the basis of the literature review in the following Table 3 . With regards to the density measure, both density measures, population and job density, were hypothesized to be associated with boarding. In addition to density, diversity plays a crucial role in ridership as more diverse areas are expected to contribute to increased ridership. Although dissimilarity is commonly known to be a better estimator than entropy for land use diversity, the entropy index can still be contemplated for this study, because, as was already mentioned, up to a one-half mile catchment area, the entropy index can give a viable result [20] . Usually, entropy is estimated on the basis of the share (percentage) of each land use in the total area, which can also be referred to as 'land-use balance' [20] . For this study, from a set of eleven land-use categories shown on the land-use feature class, six land-use categories-commercial, industrial, institutional, residential, recreational, and mixed-use-were considered while computing the entropy index. Mixed land uses are considered for this study because a considerable number of mixed uses are apparent along the BRTS corridors.
With regards to the design aspect, the most recommended methods for measuring road connectivity are street density and intersection density. Another measure, link-node ratio (Beta Index/Street Connectivity Index) is less intuitive because it does not reflect the length of the link. Moreover, the link-node ratio does not correspond to the actual size or spacing of the road network [20, 37] .
Destination accessibility was measured in terms of job accessibility by BRTS. In order to measure the job accessibility from each BRTS station, a threshold of 30 min travel distance travelled by BRTS was applied along the BRTS road network. This 30 min threshold was derived from the same BRTS user survey conducted in 2015 which reveals that almost 59% of the working trips were made with an average journey time of 30 min from a BRTS station to the destination BRTS station. The average speed of BRTS, 20 km/h, was applied to draw the network distance over the BRTS route.
Distance from the nearest station is usually measured considering the idea from Cervero et al. (2010) that the further a station is from the next nearest station, typically the station's catchment area increases in size [16] . However, this measure was not used for this study as the same station catchment (10 min walking distance) was already declared for all stations. Moreover, distance to transit station is not a distinguishing characteristic for a BRTS where all the stations are constructed keeping the same spacing between them just like Ahmedabad BRTS. Ahmedabad BRTS was planned and constructed with an average 500-600 m spacing between stations [50].
Results and Discussion
Due to data availability, the 5D indicators were measured using the variables as shown in Table 4 . After determining the value for all indicators for each station catchment, their descriptive statistics such as minimum, maximum, mean, standard deviation, and skewness were tabulated to view the data distribution. Also, the discrepancy in the data like outliers was checked. Table 4 represents the descriptive statistics for the dependent variable (total monthly boarding in July 2015) and the five explanatory variables that were entered into the regression model. It is to be noted that out of 151 stations, 116 stations which had data that covered all indicators were compiled for the regression analysis. All variables show skewness to some extent. Data with a positive value in skewness indicates a higher concentration of lower values in the distribution whereas negative skewness represents the opposite. For instance, job density (job per acre) showing maximum positive skewness reveals that most station catchments are having a low number of jobs while some station catchments occupy a very large number of jobs. This outcome is also consistent with the map output, shown in Figure 3 , which demonstrates that 80% of the station catchments have a job density of less than 62 per acre while the other 20% are located predominantly in the eastern part with job densities up to 299 per acre. Similarly, the values for job accessibility in 30 min by BRTS are higher for all station catchments except the station catchments of the western periphery, as seen in Figure 4 . It is quite apparent because most of the jobs are concentrated in the eastern part so that higher job accessibility can be found there.
which demonstrates that 80% of the station catchments have a job density of less than 62 per acre while the other 20% are located predominantly in the eastern part with job densities up to 299 per acre. Similarly, the values for job accessibility in 30 min by BRTS are higher for all station catchments except the station catchments of the western periphery, as seen in Figure 4 . It is quite apparent because most of the jobs are concentrated in the eastern part so that higher job accessibility can be found there. very large number of jobs. This outcome is also consistent with the map output, shown in Figure 3 , which demonstrates that 80% of the station catchments have a job density of less than 62 per acre while the other 20% are located predominantly in the eastern part with job densities up to 299 per acre. Similarly, the values for job accessibility in 30 min by BRTS are higher for all station catchments except the station catchments of the western periphery, as seen in Figure 4 . It is quite apparent because most of the jobs are concentrated in the eastern part so that higher job accessibility can be found there. Similarly, population density was found to be higher in the eastern part of Ahmedabad (see Figure 5 ). Shastry (2010) also found that East Ahmedabad has more densely populated areas compared to the western part of the city, which has a lower density and more dispersed residential uses [4] . Besides, Munshi (2013) also inferred that locations in East Ahmedabad where accessibility to jobs is high have a higher density of poor population (population living below the poverty line) indicating that most poor people in the city reside close to their job destinations [29] . Similarly, population density was found to be higher in the eastern part of Ahmedabad (see Figure 5 ). Shastry (2010) also found that East Ahmedabad has more densely populated areas compared to the western part of the city, which has a lower density and more dispersed residential uses [4] . Besides, Munshi (2013) also inferred that locations in East Ahmedabad where accessibility to jobs is high have a higher density of poor population (population living below the poverty line) indicating that most poor people in the city reside close to their job destinations [29] . In terms of road connectivity, station catchments in the eastern part have relatively better connectivity than in the western part. The top 20% of the station catchments regarding road connectivity were found in both parts (east and west) of Ahmedabad, seen in Figure 6 . However, using the standard of good road connectivity from Shastry (2010), it can be said that almost 96% (112 out of 116) of the station catchments along the BRTS corridors have a lower intersection density (<0.8 In terms of road connectivity, station catchments in the eastern part have relatively better connectivity than in the western part. The top 20% of the station catchments regarding road connectivity were found in both parts (east and west) of Ahmedabad, seen in Figure 6 . However, using the standard of good road connectivity from Shastry (2010) , it can be said that almost 96% (112 out of 116) of the station catchments along the BRTS corridors have a lower intersection density (<0.8 intersections per acre) which implies poor connectivity [4] . Poor connectivity of the road network would tend to reduce the ridership of BRTS. In terms of road connectivity, station catchments in the eastern part have relatively better connectivity than in the western part. The top 20% of the station catchments regarding road connectivity were found in both parts (east and west) of Ahmedabad, seen in Figure 6 . However, using the standard of good road connectivity from Shastry (2010) , it can be said that almost 96% (112 out of 116) of the station catchments along the BRTS corridors have a lower intersection density (<0.8 intersections per acre) which implies poor connectivity [4] . Poor connectivity of the road network would tend to reduce the ridership of BRTS. Similarly, land-use diversity (entropy) along the BRTS corridors is not showing a positive result. From Figure 7 , it is clear that most of the regions along the corridors are showing diversity values lower than 0.5, which indicates homogeneity of land use and would not be supportive of enhancing ridership. Moreover, it can be concluded that the eastern part of Ahmedabad is more diverse in land-use distribution than the western part, which proves the predominance of residential use.
On the other hand, from the distribution of total monthly boarding, shown in Figure 8 , it can be said that out of 116 stations, 80% have a monthly boarding less than 40,213 while the remaining 20% of stations belong to the boarding class of 40,213-115,760. This also reveals that stations having a Similarly, land-use diversity (entropy) along the BRTS corridors is not showing a positive result. From Figure 7 , it is clear that most of the regions along the corridors are showing diversity values lower than 0.5, which indicates homogeneity of land use and would not be supportive of enhancing ridership. Moreover, it can be concluded that the eastern part of Ahmedabad is more diverse in land-use distribution than the western part, which proves the predominance of residential use. higher number of boarding are mostly concentrated on the western side of Ahmedabad which is predominantly a residential use having a lower density in population and jobs. In most of the studies of ridership, the multiple regression method was performed because of its capability of dealing with a large number of factors [44] . In a regression equation, a set of potential drivers of ridership are identified from the associated coefficient values. The coefficients are meant to explain the significant influence of explanatory variables on the dependent variable (ridership) [41, 42] . Hensher & Golob (2008) used Ordinary Least Square (OLS) regression model to investigate the potential drivers of BRTS ridership [41] . On the other hand, from the distribution of total monthly boarding, shown in Figure 8 , it can be said that out of 116 stations, 80% have a monthly boarding less than 40,213 while the remaining 20% of stations belong to the boarding class of 40,213-115,760. This also reveals that stations having a higher number of boarding are mostly concentrated on the western side of Ahmedabad which is predominantly a residential use having a lower density in population and jobs.
In most of the studies of ridership, the multiple regression method was performed because of its capability of dealing with a large number of factors [44] . In a regression equation, a set of potential drivers of ridership are identified from the associated coefficient values. The coefficients are meant to explain the significant influence of explanatory variables on the dependent variable (ridership) [41, 42] . Hensher & Golob (2008) used Ordinary Least Square (OLS) regression model to investigate the potential drivers of BRTS ridership [41] . In order to get more insight into the influence of explanatory variables over ridership, a regression model was constructed. Prior to that, collinearity among the variables was checked. From Table 5 , it is clear that there is no collinearity issue (<0.8) among the independent variables. Also, it can be said that the relationship between boarding and built-form indicators is very weak, and four of them are showing a negative value, which is unexpected. In most of the studies of ridership, the multiple regression method was performed because of its capability of dealing with a large number of factors [44] . In a regression equation, a set of potential drivers of ridership are identified from the associated coefficient values. The coefficients are meant to explain the significant influence of explanatory variables on the dependent variable (ridership) [41, 42] . Hensher & Golob (2008) used Ordinary Least Square (OLS) regression model to investigate the potential drivers of BRTS ridership [41] .
In order to get more insight into the influence of explanatory variables over ridership, a regression model was constructed. Prior to that, collinearity among the variables was checked. From Table 5 , it is clear that there is no collinearity issue (<0.8) among the independent variables. Also, it can be said that the relationship between boarding and built-form indicators is very weak, and four of them are showing a negative value, which is unexpected. In the regression model, as seen in Table 6 , with the exception of intersection density other variables are statistically significant at the 5% level and the overall model is significant at the 1% level. Job density shows a positive coefficient value, while other variables reveal a negative influence on ridership. The output also implies that built-form indicators cannot explain to a substantial degree (R 2 = 0.17 and adjusted R 2 = 0.14) the ridership of Ahmedabad BRTS. This is surprising, as it reveals a positive and significant relation between ridership and density, as was indicated earlier in various literatures shown in Table 1 . In the case of Bogotá BRT study, road connectivity was found to be statistically insignificant with ridership as this variable had a little variation which is also consistent with this model [43] . To promote transit use in core urban areas, the Center for Urban Transportation Research (CUTR) at the University of South Florida (USF) recommended that population density should be higher than 85 people/acre [29] . Following this threshold, it was found that almost 39% of the station catchments are below this cut-off of population density which could have contributed to this output. Moreover, Ewing & Cervero (2010) also did not find enough evidence to support the significant relationship of transit use (ridership) with density [37] . They computed weighted average elasticity for transit use from a set of available studies in terms of density and concluded the relationship as mostly inelastic. So it would mean that density does not always have an influence on ridership.
In terms of Floor Space Index (FSI), the land is under-utilized along the corridors of BRTS where the average utilized FSI is 0.8 with respect to the permissible FSI (2.8) [4] . One of the possible reasons behind this is that transportation plans in India are typically prepared separately from the land-use plans following only the City Development Plan [29] . The under-utilized land is more prone to dispersed and haphazard development. Cervero (2013) also argues that the reshaping of existing urban form and the land-use pattern was not a key objective of the Janmarg BRTS [57] . Janmarg was planned and designed for a mobility investment. The fact that the allowed FSI is not fully exploited along the BRTS corridors contributes to the inability of the density and diversity indicators to explain the ridership.
BRTS serves a smaller area in Ahmedabad compared to other modes such as AMTS which runs on 173 routes. This may explain that it has lower job accessibility in compared to AMTS. In terms of total job accessibility, out of 1.67 million jobs in Ahmedabad, only 0.52 million jobs can be accessible by the station catchments of BRTS. Therefore, this variable is of limited value in explaining the ridership of BRTS. In many places in Ahmedabad which have most job provisions, there is no service provided by BRTS. From the meta-study conducted by Ewing and Cervero (2010) , it is known that access to jobs has the maximum influence in choosing a specific mode, which contributes to ridership of that mode [37] . So it is more likely that people will choose other operational modes rather than BRTS which are providing service in maximum job locations.
Another plausible explanation for this minimal relationship between built-form and BRTS ridership is the high travel demand of people in Ahmedabad. In a study, Mahadevia et al. (2012) pointed out that BRTS meets only 1% of travel demand of 30 billion passenger km [7] . So a very limited number of people are using this service. Moreover, the high fare scheme and smaller service area are driving the commuters away from BRTS. That is why this limited number of BRTS riders from each region (station catchment) are not able to make an explicit relationship with built-form. Not only income but also other socio-economic factors like automobile ownership could have effects on BRTS ridership [50] . The increase in two-wheeler (motor-scooter) ownership in Ahmedabad may also affect the performance of BRTS ridership of each station. To incorporate those variables might improve this model but they are beyond the scope of this study due to data unavailability.
Moreover, Janmarg BRTS has little variation regarding service attributes like headway, operating speed, average delay at the station, vehicle type, and capacity, so they have not been used in this model. There is no designated feeder service for Janmarg BRTS, so the majority of users access to a station from a 10 min walking distance. Station attributes like park and ride lot, the presence of a bus stop shelter, and the presence of bus schedule information are similar for all stations which make them less likely for use in a regression model. Station attributes like having a terminal station (end of a BRTS line) or transfer station can also explain ridership, which was found in a USA light-rail station study [44] . There are seven transfer stations in Janmarg BRTS from where people can move to anywhere respective to their destination along the BRTS route. It is more likely that people will come from further distances to get boarded in those stations to travel to their final destination. Furthermore, three railway stations and two 'GSRTC Bus Terminal' (regional bus terminal) have also been considered as transfer stations, which are mainly to facilitate intercity travel. These stations are also attracting more riders because of their locational advantages. But transfer stations account for only 8% (12 out of 151) of the total stations which will not be able to explain the ridership in all stations of the Janmarg BRTS.
Conclusions and Recommendations
"The transport vision of Ahmedabad highlighted as 'Accessible Ahmedabad' aims to redesign the city structure and transportation systems towards greater accessibility, efficient mobility, and a lower carbon future" [13] . These concepts are also embedded in the National Urban Transport Policy (NUTP) of India. In a Detailed Project Report of BRTS, the focus has been given to promote Transit Oriented Development (TOD) by intensifying land along the corridors to make the city compact. It has also emphasized the promotion of non-motorized mobility with a proper facility integration for bicycles and pedestrians [12] . In support of these visions, some policy recommendation will be formulated based on the findings made from this study.
It has already been observed from studies in the USA that when development concentrates along the corridors, transit patronage increases [16, 44] . However, in the Ahmedabad context, this relationship is missing, which may be due to a lack of utilization of land along the corridors. One of the recommendations that can be contemplated through this analysis is to increase the density and diversity along the BRTS corridors. An increase in density can be done by increasing the height of buildings and hence the FSI. TOD type development can be recommended along with the BRTS corridors because TOD proposes land-use mix integrated with a walkable environment to public transportation [58] . TOD can be implemented by acquiring land from the owners. However, at present, there is no mechanism developed which allows acquiring and developing the land.
Moreover, policies like zoning policies and parking policies restrict the provision of development [4] . There should be some mechanism to provide support to developers for developing land along the BRTS corridors and to create a market for this development as well. Similarly, lower intersection density along the corridors implies poor connectivity to and from BRTS stations. Proper measures also need to be considered for the implementation of safe and convenient access ways such as pedestrian ways with more than two connections in any node. These measures should be integrated with the TOD along the BRTS corridors.
The increase of accessibility to most job locations might be a possible option for BRTS ridership increase. From the expert consultation meeting with Janmarg, it is known that there is no further plan for route extension, rather they are now working solely for the improvement of accessibility to and from BRTS stations. If accessibility can be increased to a large extent from each station, there might be some potential to develop connections to important destinations and activity centers as well. In this connection, 'MYBYK'-a bike share system, an initiative by Greenpedia Bike Share Pvt. Ltd., has already been installed at 9 BRTS stations as a pilot program which will be upgraded periodically in all stations based on concurrent performance. Commuters can rent a bike at a subsidized rate to access and egress from a station. The system is not very popular yet, mostly due to a lack of infrastructure for biking. Moreover, the system is not integrated with the BRTS system in terms of fare [59] . Proper instalment of this 'bike share' system in all stations and fare integration with BRTS are therefore recommended. Possibly incentives can be provided to bike users in the form of a subsidized fare.
